Relatively little is known regarding after-school behavior. This study examined after-school active and sedentary behaviors among youth participating in the Study of Early Child Care and Youth Development. Methods: An interview guided time-use approach was used to obtain detailed longitudinal information about after-school (3-6 PM) behavior of a mixed gender cohort (n = 886) at ages 9 and 11 yrs. Responses obtained in 15-min intervals were coded into 29 exclusive behaviors and separated into 3 main categories [moderateand vigorous-intensity physical activity (MVPA), light-intensity physical activity, and sedentary]. Sedentary category was further divided into screen and nonscreen categories. A mixed ANOVA design was used to examine gender and age-related differences in MVPA, light-intensity physical activity, sedentary, screen, and nonscreen. Results: MVPA was higher among boys compared with girls (P < .001) and decreased from 9 to 11 yrs (P < .001). Overall, total sedentary time was comparable between boys and girls despite a difference in reported screen time (boys > girls; P < .001) and nonscreen time (boys < girls; P < .001). Total sedentary time increased from 9 to 11 yrs (P < .001). Conclusion: Engagement in after-school behavior appears to change during preadolescence. Additional research is needed to understand factors associated with the selection of active and sedentary behavior over time.
Youth engage in a variety of active and sedentary behaviors throughout the day. A challenge for researchers lies in describing these behaviors in a comprehensible manner. Objective tools, such as accelerometers, are useful to characterize the frequency, intensity, and duration of physical activity (PA); however, information about the type of activity is unattainable using this method. Subjective tools such as self-report and survey methods reveal contextual information about daily behavior, and therefore fill an important gap in PA research.
Time-use diaries, questionnaires, and interviews have been used to record behaviors throughout the day and during specific segments of the day. [1] [2] [3] [4] Among youth, the after-school period is a specific segment of interest because, compared with school hours, this period is commonly considered discretionary or "free-time" to participate in active and sedentary pursuits. To date, after-school behaviors have been reported among adolescents (13-16 yrs); 1 however, relatively few studies describe after-school time allocation in active and sedentary behavior throughout preadolescence (9-11 yrs) . Existing longitudinal studies are often limited to girls, 5 older adolescents, 6 or the use of a specific behavior, most often television and computer usage. 7, 8 Although television and computer usage ('screen-time') are prevalent leisure-time behaviors, several other sedentary (nonscreen) behaviors exist, such as homework, interacting with peers, listening to music, or reading. Using a cross-sectional design, Olds and colleagues 9 described screen and nonscreen behaviors among a mixed sample of adolescents (mean age: 13.5 yrs), but it is unclear how these behaviors change before the adolescent period, specifically during the after-school period.
The purpose of this study was to examine gender and age-related differences in after-school behavior. Mean differences in PA and sedentary time have been reported in the literature; therefore it was hypothesized that estimates of moderate-and vigorous-intensity physical activity (MVPA), light PA and sedentary time would differ between boys and girls, and that reported time spent in specific behaviors would change over time. Reporting detailed information about after-school behavior offers key insight into the types of activities youth prefer and therefore empowers intervention studies seeking to improve targeted approaches to modify behavior.
Method Study Population
This study analyzed data from the National Institute of Child Health and Human Development (NICHD) Study of Early Child Care and Youth Development (SECCYD). The SECCYD study design and recruitment procedure have been described elsewhere. 10, 11 Briefly, 1364 families (primary white and of moderate-to-high socioeconomic status) from 10 locations within the United States were enrolled in the SECCYD at birth to explore how variation in early child care relates to developmental outcomes. Using data obtained from the same cohort of youth at ages 9 and 11 yrs, the current study provides context information regarding after-school behavior. The human subjects review board from each participating university approved the protocol and proper consent was obtained before enrollment.
Time-Use Interview
An interview guided time-use approach was used to obtain detailed information about after-school behavior up to 3 times at 9 yrs and a single time at 11 yrs. After 6 PM on a designated day, a trained interviewer spoke with the participant's parent/guardian by phone to determine if the present day was typical for the child and if the child engaged in structured after-school activities (eg, sport practice, musical lesson). The parent/guardian also reported the first place the child went after school and what the child was doing at 6 PM. These details were used by the trained interviewer to facilitate the child-response portion of the interview. During the child interview, which occurred immediately after speaking to the parent/guardian, primary behaviors were recorded in 15-minute intervals between 3 PM and 6 PM by the trained interviewer. Interviews were conducted on the same day as reported behavior for a majority of youth and assurances were made by the child that the interview was from a typical school day. A total of 1022 youth (510 boys; 512 girls) provided at least 1 interview at 9 yrs and 959 youth (477 boys; 482 girls) provided a single interview at 11 yrs. Completed interviews were scored by the interviewer on a 5-point scale (1= low accuracy, 5 = high accuracy). A score of "1" indicated the child had a hard time recalling daily activities and numerous probes and/ or prompts were required during the interview, whereas a score of "5" indicated the child recalled every activity without probing. For the current study, interviews scored "1" were removed from the data set. The final sample included 886 youth with after-school data at 9 and 11 yrs (441 boys; 445 girls).
Data Processing
Several participants reported 2 primary behaviors within the 15-min intervals. To account for both behaviors, all 15-min intervals were divided into 2 7.5-min intervals. When a single primary behavior was reported during a 15-min interval, the behavior was recorded into both 7.5-min intervals.
Child responses from each interview were organized into 29 exclusive behaviors (excluding 'other' and/or 'missing' activities) and separated into active (MVPA and light-intensity PA) and sedentary components (screen and nonscreen behavior; Table 1 ) using estimated metabolic equivalents. 12 A single category ("travel") included active and passive transit, and undefined behaviors and/ or missing intervals were categorized as 'residual.' Time estimates (min) were derived for each exclusive behavior and also for each component (MVPA, light PA, screen and nonscreen). Total PA was calculated by summing MVPA and light PA, whereas total sedentary time was calculated by summing screen and nonscreen behavior. Time estimates were also determined for 'travel' and 'residual' categories. Aggregate mean scores were calculated for youth with multiple interviews at 9 yrs.
Statistical Analyses
Mixed (gender × age) ANOVA analyses were used to examine mean values of total PA, MVPA, light PA, total sedentary, screen, nonscreen, travel, and residual. In subsequent analyses, multiple 1-way ANOVA procedures were conducted for boys and girls separately to specifically 
Results
Out of the 180 minutes (3 hours) available for children to be physically active after school, children spent approximately 1 hour in total activity. In general, total activity time was evenly partitioned between MVPA (31.6 min; 50.2%) and light-intensity PA (31.4 min; 49.8%). In comparison with total activity time, total sedentary time accounted for a relatively higher percentage of afterschool time (48.2%, 86.7 min). A slightly higher percentage of total sedentary time was attributed to nonscreen behaviors (54.6%; 47.3 min) compared with screen-based behaviors (45.4%; 39.5 min).
Results from the mixed (gender × age) ANOVA are presented in Table 2 . No significant gender difference was found in total activity time, but mean gender differences were revealed for MVPA (boys: 36.3 min; girls: 26.9 min) and light-intensity PA (boys: 26.2 min; girls: 36.5 min; P < .001). Overall, mean levels of total activity, MVPA, and light PA significantly decreased from 9 to 11 yrs (P < .001). Mean levels of total sedentary time were comparable between boys and girls; however, boys reported more screen exposure (45.6 min vs 33.3 min, P < .001), but less nonscreen behavior (42.0 min vs 52.6 min, P < .001) when compared with girls. Overall, mean levels of total sedentary, screen, and nonscreen significantly increased from 9 to 11 yrs (P < .05). Total travel time was similar between boys and girls and did not change over time. Given that the travel category included active and passive modes of transportation, the possibility of additional activity from active travel, or additional sedentary time from passive travel could not be explored.
Separate ANOVA models were employed in boys and girls to specifically examine patterns in reported after-school behavior from 9 to 11 yrs (Table 3) . Among boys, total activity time decreased nearly 16% from age 9 (67.9 mins) to age 11 (57.1 mins; P < .001). This 2-yr change in total activity was attributed to mean reductions in MVPA (6.8 min, P < .01) and light-intensity PA (4.0 min, P = .05). The change in MVPA was primarily due to the decline in reported large-motor activities (eg, unorganized sport, bike riding, tag; 34.0 min vs 24.7 min, P < .001). The relative contribution of large-motor activity to total activity decreased from 50% (9 yrs) to 43% (11 yrs). Reported participation in team sports was the only source of MVPA that significantly increased during the 2-yr span (2.8 min, P < .01). In general, the amount of time reported for large-motor fantasy play (eg, role play involving large movement) and individual sport was minimal at each grade level. The change in light-intensity PA among boys was mainly due to a reduction in small-motor activities (eg, puzzles, Lego, coloring) from 9 to 11 yrs (10.0 vs 6.2 min, respectively; P < .01). Reported participation in small-motor fantasy play (eg, action figures, toy cars, playing house) decreased and time spent completing chores increased from 9 to 11 yrs; however, the 2-yr change for both behaviors failed to reach a significant level. Total sedentary time among boys increased nearly 12% from age 9 (82.5 mins) to age 11 (92.7 mins; P < .001), primarily due to the increase in sedentary nonscreen behavior (9.2 min, P < .001). Reported homework time increased nearly 5 min from ages 9 to 11 yrs (P < .01), whereas little change was revealed for the remaining sedentary nonscreen behaviors (snacks, unoccupied waiting, informal interactions, formal interactions, music, napping, passive participation, academic activities, religious service). Total screen-time exposure approximated 45 min at each age (9 and 11 yrs) and was primarily reported to fulfill entertainment purposes and not for educational development. Note.
Values represent gender-specific ANOVA models reporting change from 9 to 11 yrs. * P ≤ .05, ** P < .01, *** P < .001.
Among girls, total reported activity time during the after-school period decreased 24% from 9 (72.1 mins) to 11 yrs (54.8 mins; P < .001; Table 3 ). Most of the decline was attributed to reductions in light-intensity PA (10.7 min, P < .001), specifically reductions in smallmotor PA (4.3 min, P < .001) and small-motor fantasy play (5.1 min, P < .001). Small-motor fantasy play (eg, dolls, action figures, playing house) contributed nearly 20% of total light-intensity PA at 9 yrs and declined to less than 10% at 11 yrs. The decline in total activity among girls was also attributed to mean reductions in MVPA (6.6 min, P < .01), mostly from lower reported participation in large-motor PA from 9 yrs (23.1 mins) to 11 yrs (18.6 mins; P < .05) with a relatively smaller reduction in large-motor fantasy play (1.9 min, P < .001). Reported engagement in sports (team or individual) and chores remained relatively constant from 9 to 11 yrs (P > .05). From 9 to 11 yrs, total sedentary time among girls increased nearly 22% from 9 (77.5 mins) to 11 yrs (94.3 mins; P < .001). The increase in total sedentary time was due to the increase in screen-time exposure (9 yrs-30.0 min; 11 yrs-36.6 min; P < .01) and nonscreen sedentary behavior (9 yrs-47.5 min; 11 yrs-57.7 min; P < .001). Watching television for entertainment contributed the greatest amount of time toward total screen-time exposure at each age and significantly increased over time (4.2 min, P < .05). Although computer usage (for entertainment) contributed a relatively small proportion toward total screen-time, the 2-yr change was significant (3.5 min, P < .05). In general, reported homework time and time engaged in informal interactions increased from ages 9 to 11 yrs (6.4 and 3.1 min, respectively; P < .001); while other sedentary nonscreen behaviors (eg, snack time, unoccupied waiting, other academic activities) remained stable.
Discussion
Time-use data were analyzed in the current study to describe after-school behavior. Overall, the results reveal gender and temporal differences in the intensity and type of reported behavior. In general, boys reported more MVPA, while girls reported more light-intensity PA. Mean levels (min) of total sedentary exposure were similar between boys and girls despite a difference in the type of sedentary behavior. Among girls, nonscreen sedentary time contributed a higher percentage toward total sedentary time, whereas total sedentary time in boys was, on average, nearly equal between screen and nonscreen time.
A key finding from the current study was that mean levels of after-school activity decreased while sedentary exposure increased from ages 9 to 11 yrs. The decline in activity is commonly reported in studies that assess youth activity levels. Janz and colleagues 8 reported a mean reduction in activity over a 3-yr period among young children (5.6 yrs at baseline). Aaron and colleagues 13 reported a decline in the number of activities youth participate in from mid to late adolescence while Belanger and colleagues 14 reported reduced participation in nearly all activities from 7th-11th grade. The general reduction in activity is concerning given the role PA plays in reducing the risk of many chronic health conditions 15 and subsequent fat accumulation during later years. 16 Furthermore, given that nearly half of total daily PA is accumulated during the after-school period, 17, 18 the mean reduction in after-school activity (MVPA and light-intensity PA) specifically reported in this study is suggestive of a reduction in total daily levels of activity from ages 9 to 11 yrs. The observed pattern of afterschool activity may be more concerning among girls because of lower mean levels combined with a faster rate of decline for MVPA [girls-30.2 min to 23.6 min (22% decline); boys-39.7 min to 32.9 min (17% decline)] and a greater rate of decline in light-intensity PA [girls-41.8 min to 31.1 min (26% decline); boys-28.2 min to 24.2 min (14% decline].
Several theories have been proposed to help explain changes in PA across time among youth. Acute changes in activity (eg, day-to-day fluctuations) may be biological driven to maintain levels of total daily energy expenditure (compensatory mechanism). Some support for this hypothesis is available 19 and several reviews exist to describe the biological perspective of activity. 20, 21 Conclusive evidence in this area is limited given that precise measures of energy expenditure are required to specifically address energy compensation. Alternatively, changes in activity may be attributed to the direct displacement of PA with sedentary behavior. 22, 23 Given the manner in which the current data were collected and reported, the results likely provide some support toward the displacement of activity over time with sedentary behavior. According to behavioral economics, specific behaviors are selected because they are accessible and offer some reinforcing value. 23 Completing homework is a specific sedentary behavior that offers some reinforcing value among youth. In this study, homework time increased 30% (15.7 to 20.0 mins) and 38% (17.5 to 23.9 min) in boys and girls, respectively, and contributed the largest proportional gain in total nonscreen sedentary behavior time. Among youth, some concern exists whether homework displaces PA. Using crosssectional data, Atkin and colleagues 1 reported similar mean levels of activity during the after-school period across low, moderate, and high homework groups and concluded that homework did not displace PA. In the current study, several behaviors (screen and nonscreen) demonstrated change over time and therefore it is difficult to specifically conclude how behaviors (active and sedentary) coexist. Direct comparisons with previous work are difficult given that the focus of the current study was to report the mean change in after-school behavior over time using a repeated-measures approach. The mean increase in homework during the after-school period in this study may reflect family-initiated rules that require youth to complete homework before participating in PA. Therefore, it is possible that youth in this study accumulated additional activity after 6 PM.
Although the after-school period represents a key segment of the day for youth to contribute to total daily levels of PA, prospective studies suggest sedentary time during this discretional period increases throughout adolescence. 5, 6 Several interventions have been implemented to improve on the relatively low amount of accumulated MVPA achieved during after-school programs, 24 but in general most interventions have been ineffective because of methodological limitations. 25 It has been postulated that reducing specific sedentary behaviors may be related to healthy behavior adjustments, such as increasing PA. However, Epstein and colleagues 26 reported little effect on PA levels when targeted sedentary behaviors (screen time) were reduced, a finding that suggests an increase instead in nontargeted sedentary behaviors.
Although screen-time was a highly prevalent behavior in the current study, the results demonstrate the limitations of using screen-time as an index of total sedentary behavior, which is consistent with previous findings among adolescents. 27 If screen-time was only viewed in the current study, one might (inappropriately) conclude that sedentary behavior was relatively stable among preadolescent boys. With increasing age, other nonscreen behaviors, such as homework, tend to increase. Although sedentary behaviors share a similar metabolic cost (< 1.5 METs) and therefore a similar influence on total daily levels of energy expenditure, homework time, in contrast to many screen-based sedentary behaviors, develops cognitive processes and may be associated with healthy eating options. 28 Future health outcome studies are encouraged to assess a wide range of sedentary behaviors and explore possible health-related differences between screen and nonscreen behavior.
Conclusion
Time-use interviews were examined in this study to report longitudinal change in specific behaviors during the after-school period. The results showed that between 3 PM and 6 PM total sedentary behavior increases, while total activity decreases from ages 9 to 11 yrs. Boys and girls followed a similar pattern; however, much of the increase in total sedentary time in boys was attributed to an increase in nonscreen sedentary behavior, and not screen-based sedentary behavior. In girls, an increase in nonscreen and screen-based sedentary behavior was observed. The mechanism responsible for the overall change in after-school behavior is debatable; however, the results are suggestive that activity is partly displaced with sedentary behavior (eg, homework) during this period of the day. Contextual research on human behavior is needed to improve intervention studies seeking to identify targets for behavior change and also for correlate research seeking to understand the relationship between behavior and environment and social factors.
